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Hydrodynamic Model Overview

e Hydrodynamic model: EFDC
- Modified and enhanced by Anchor QEA

 Model inputs
e Calibration and validation
e Summary
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Hydrodynamic Model Inputs

 Geometry and bathymetry

e Boundary conditions
- Inflows

e Upstream boundary for Reach 8
- USGS gauging station at Fort Edward

« Tributaries: gauged or estimated
- See Tables 4-3 and 4-4, UHR Modeling System Report

- Stage height at dams
« See Table 4-5, UHR Modeling System Report

ANCHOR
QEA Akl




Ao1], Yoo [BIpeT

7 %907 1

SIADULTIO ¢ Y07T |

J9TBMIIS ‘Y Y00T 1

Mile Point

We(] Pueaquiny)IoN ‘S X200

9] 1O ‘G ¥907T

weg pue(s] uosdwoy
ayeju] 9,007

PIempE 1O

| |
S <
o0 O

7p
P’
)
O
-
D
©
@)
=
O
&
qv)
-
>
©
@)
| -
©
>
1L

(1994)
[9A9T ©9S UBIA] QAOQY UOTIRAd[H




Hydrodynamic Model Calibration and
Validation

e Calibration

- Stage height data collected during spring floods in 1983,
1993, and 1994

- Adjustable parameter: effective bed roughness

Effective Bottom Roughness Height z, Used in the Hydrodynamic Calibration

e Validation

- Current velocity and stage height data collected in 2004
and 2006

- No parameters adjusted during validation
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Hydrodynamic Model Calibration Results

Flow Rate
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1983 spring flood, TIP, Lock 7
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Hydrodynamic Model Validation Results

Flow Rate = 9600 cfs
ADCP data collected on 06/03/2004

Velocity
(cm/s)

o IIII|IIII

04 06

Flow Rate = 6613 cfs
ADCP data collected on 06/13/2004
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Flow Rate = 3410 cfs
ADCP data collected on 06/24/2004
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. Elow Rate = 2829 cfs
ADCP data collected on 06/20/2004
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Hydrodynamic Model Summary

e Model adequately predicted stage height and
velocity in UHR over a wide range of flow
conditions

e Calibrated model was used to simulate UHR
hydrodynamics for 34-year period (1977-2010)

e Hydrodynamic transport information was
transferred to sediment transport model via
“coupling files”

8

ANCHOR

QEA(.M-”-




Sediment Transport Model Overview

e Description of model structure
e Development of model inputs

e Model calibration and validation
e Summary

9

ANCHOR
QEA Akl




Description of Model Structure

e Neglected bed load transport

- Bed load transport has minimal effect on PCB
transport

- Bed load in the UHR is inhibited by the dams
- Limited data to calibrate bed load in the UHR
- Supported by bed type distributions upstream of
dams
e Neglected feedback between hydrodynamics
and sediment transport
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Description of Model Structure

Tributary
Loads

Downstream
Transport

Upstream
Load

e Water column transport and bed shear stress
Information transferred from hydro model




Description of Model Structure:

Bed Shear Stress
e Skin friction shear stress

%t = Pu Cr O°
Cs =« In(11 h /k,)
Ks = 2dgg . Skin friction t;

e Where: 7S AN g RN
- p, = Water density > —_— o
- C; = bed friction coefficient Form drag T,

- g = near-bed velocity

- h = water depth

- k, = effective bed roughness

- dgo = 90t percentile particle diameter of bed sediment
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Description of Model Structure: Deposition

Cohesive particles (d < 62 pm)
W,, =1,(C,;,t;) = Burban etal. (1990) data

P, =09,(ty — Partheniades probability of deposition
Non-cohesive particles (d > 62 pm)

W, = f.(d,) = Cheng (1997) settling speed

P, =g9(d.ty) = Gessler probability of deposition

"  =h(d,ty;) = stratification correction factor

d = — effective particle diameter




Description of Model Structure:
Cohesive Bed Erosion

e Re-suspension potential

e \Where:

- € = net mass of resuspended sediment per unit surface area

- A, = site-specific constant

- T4 = time after deposition in days

- N, n = exponents dependent upon the deposition environment
- T, = skin friction shear stress (dynes/cm?)

- T, = effective critical shear stress (dynes/cm?)
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Description of Model Structure:
Cohesive Bed Erosion

o eewem
U embedeeg b

« SEDZL algorithm (QEA 1999, Ziegler et al. 2000)
e Resuspension potential (¢) depends upon 7 and bed properties

e Resuspension parameter values determined from field data

e 3D bed model tracks spatial and temporal changes in properties




Description of Model Structure:
Non-cohesive Bed Erosion
e Erosion flux in non-armoring bed (Van Rijn [1984])

Ena,k — Wy (Ca,k _Ceq)’

e Erosion flux from an armoring bed

Ek — fAS,kP SkEna,k

sus, k

e \Where:

- T, = fraction of class k sediment in the active-surface layer

of the non-cohesive bed
- P, « = probability of suspension for size class k

sus,k

- S, = particle-shielding factor for size class k
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Bed Structure

Active Layer

Parent Bed — Layer 1

Layer 2
Layer 3
Layer 4

Layer 5




Description of Model Structure:
Non-Cohesive Bed Erosion

=rosion Deposition

Mass transfer
due to deposition

Mass transfer
due to erosion

Mass transfer
due to deposition

Mass transfer
due to erosion

e 3D bed model: active (surface + buffer) layer and parent bed
e Active-surface layer thicken. ~ bed shear stress and grain size dist.
e Mixing process ~ de-armoring of bed during post-flood




Initial Structure of Bed With No Active-
Buffer Layer at Time =t,




Active-Surface Layer Thickness Increases as
Shear Stress Increases (1, > 1,) at Time =1,

|

Sediment Transfer
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Active-surface Layer Thickness Decreases
and Active-buffer Layer Is Created as Shear
Stress Decreases (73< 1,) at Time = t,

Sediment Transfer

l

Parent-Bed Layer
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Active-surface Layer Thickness Decreases and Active-
Buffer Layer Thickness Increases as Shear Stress
Continues to Decrease (7, < 73) at Time =t,

Sediment Transfer

|
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Active-surface Layer Thickness Increases and
Active-buffer Layer Thickness Decreases as
Shear Stress Increases (z; > 7,) at Time =t

Sediment Transfer

|
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T

Active-surface Layer Thickness Increases and
Active-buffer Layer is Destroyed as Shear
Stress Increases (7 > 75, 73, > 7,) at Time = g

Sediment Transfer
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Development of Model Inputs

e Four sediment size classes
- Class 1: clay/silt (<62 pm)
- Class 2: fine sand (62 - 250 pm)
- Class 3: medium/coarse sand (250- 2,000 pum)
- Class 4: gravel (>2,000 pm)

e Each size class represented by an effective
particle diameter

- Effective particle diameters for Classes 2 and 3
were calibration parameters

- Effective particle diameters for Class 4 were
determined from grain size distribution data
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Development of Model Inputs: Bed Maps

See Figures 5-2
through 5-9 and
Table 5-2;

UHR Modeling
System Report
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Development of Model Inputs:
Bed Properties

e Dry (bulk) density
- Different values for cohesive and non-cohesive bed
areas within a specific reach
e |nitial sediment bed composition
- Cohesive bed: spatially constant
- Non-cohesive bed: spatially variable

e Erosion rate properties for cohesive bed
- Determined from shaker study data
- Reach 8: spatially variable
- Reaches 1-7: spatially constant within a reach
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Development of Model Inputs:
Boundary Conditions

e Magnitude of incoming sediment loads

- Upstream boundary at FE: combination of data and
rating curve (incorporated hysteresis effect during
a flood)

— Tributaries: rating curve estimates

e Composition of incoming sediment loads
- Based on limited data
- Class 1 (clay/silt) content: 75%

- Class 2 (fine sand) content: 25% (except Moses Kill
and direct drainage)
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Sediment Transport Model Calibration

e Used data collected during spring flood in 1994
- TSS concentrations
- Solids mass balance

e Used iterative approach which combined high-
flow event and long-term simulations

e Calibration parameters (Table 5-9, Report)
- Effective diameters of Classes 2 and 3
- Exponent in active-surface layer thickness equation
- Active-buffer layer decay rate
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Sediment Transport Model Calibration

Flow at Ft. Edward

]
& IIII|III |IIII|IIII
]
=

04/11  04/13  04/15 04/17  04/19 04/25  04/27
TIP above Snook Kill

c
2
=
o
&
‘g
=
S
Q
w
w
'—

04/11  04/13  04/15 04/17  04/19 04/25  04/27
TIP at McDonalds Dock

(mgfL)

04/11 0413 0415 0417 0419 04/25 04727

TSS Concentration

Thompson Island Dam

TSS Concentration

04/05 04/07 04/09 0411 0413 04115 04117 0419 04/25  04/27




Sediment Transport Model Calibration:
Mass Balance Results

Flow at Ft. Edward

(cfs)
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Sediment Transport Model Calibration:
Reach 5

Lock 5 Bridge at Thompson

TSS Concentration
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Sediment Transport Model Calibration:
Reaches 1to 4

TSS Concentration
(mg/L)

TSS Concentration
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Sediment Transport Model Calibration:
Mass Balances for 1994 Flood, Reaches 1

to 8

FORT EDWARD THOMPSON ISLAND
5.4635

DAM

AM. . ignored
we 18 OBSERVED: 14,280

PREDICTED: 14,410

OBSERVED: 450

ERROR:

THOMPSON ISLAND STILLWATER WATERFORD

43,430 l

DAM
4,340 (TRTBUT ARIES) l

AMye ignored AMye ignored

March 30 - April 29, 1994

March 31 - April 29, 1994
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Sediment Transport Model Validation

e Used data collected during spring floods In
1993 and 1997
- TSS concentrations
- Sediment mass balances

e |nitial bed conditions were specified using
long-term simulation results

e No adjustment of model parameters during
validation simulations
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Sediment Transport Model Validation:
1997 Flood

Flow at Ft. Edward
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Sediment Transport Model Validation:
1997 Flood

Flow at Ft. Edward
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Sediment Transport Model Validation:
1993 Flood

Flow at Ft. Edward

Flow Rate
(cfs)

v % %

Thompson Island Dam

» EPA Phase 2 Data
@ OBG Data

TSS Concentration

March 22- May 6, 1993
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Sediment Transport Model Validati
1993 Flood

Flow at Waterford
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A
III|I II|IIII|IIII|IIII|IIII

03/27 04/01 04/06 04/11 04/16 04/21

Stillwater

03/27 04/01 04/08 04/11 04/16 04/21 05/086

:L._L._._'..

i=l
=
(1]
=
c
(1]
(&
o
QO
)
%)
|_

o
w
I3
r

Waterford

FD

TSS Concentration

03/27 04/01 05/086

o
w
I3
r

ANCHOR

QEA &2




Sediment Transport Model Summary

e Calibration and validation results demonstrate
that the model can reliably simulate sediment
transport processes in the UHR

e Suspended sediment concentration, deposition
fluxes, and resuspension fluxes (1977 ~ 2010)
were transferred to the PCB fate model via
“coupling files”
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